The prophylactic effect of ethanolic extract of Irvingia gabonensis stem bark on cadmium-induced oxidative damage in male albino rats' liver was investigated. Male Wistar rats were divided into control, cadmium, and treatment groups. In the prophylactic experiment, Irvingia gabonensis (200 and 400 mg/kg body weight) was administered by oral gavage for 21 days before exposure to cadmium. Antioxidant marker enzymes such as reduced glutathione (GSH) levels, catalase (CAT), glutathione peroxidase (GPx), superoxide dismutase (SOD), and lipid peroxidation (LPO) were determined in the liver and heart alanine aminotransferase (ALT) and aspartate aminotransferase (AST) activities were monitored and histological examination was carried out. Results indicate that cadmium-induced rats had significantly increased relative weight of liver and heart when compared to controls. Treatment with Irvingia gabonensis at 200 and 400 mg/kg caused a significant decrease in relative weight of the organs. In cadmium-induced rats, serum ALT and AST activities and levels of LPO were increased whereas hepatic and cardiac marker enzymes significantly decreased. Furthermore, histological alteration in liver and aorta was observed in cadmium untreated rats and was ameliorated in cadmium rats treated with Irvingia gabonensis. In conclusion, the extract indicates antioxidant and hepatoprotective properties that eliminate the deleterious effects of toxic metabolites of cadmium.
Introduction
It has become obvious that humans have adjusted the global cycle of heavy metals and metalloids, including the toxic nonessential like cadmium. Thus there is enough opportunity for exposure to cadmium both inside and outside the workplace [1] . Cadmium (Cd) is one of the toxic hnavy metals and increased concentration of Cd in agricultural soils is to come from application of phosphate fertilizers, sewage sludge, waste water, and pesticides [2] . Further sources of cadmium drawn from mining at mines, smelting of ores, and industrial application of Cd in pigments, plastic stabilizers, and nickel cadmium batteries resulted in widespread agricultural soil pollution [3] . Cadmium is a risk reason for humans. It amasses in the body tissues, such as the liver, lungs, kidneys, bones, and reproductive organs [4, 5] . Liu et al. [6] reported that Cd creates reactive oxygen species (ROS) causing oxidative damage in various tissues. It is shown that exposure to Cd by different routes causes increased lipid peroxidation (LPO) in membranes of erythrocytes and tissues, where thiobarbituric acid reactive substances (TBARS) and hydroperoxides are signs of oxidative damage [7] [8] [9] . Intakes of Cd indicates the use of glutathione (GSH) and protein binding sulfhydryl groups and thus improve the levels of free radicals, such as hydrogen peroxide, hydroxide, and superoxide anions [10] . The liver and kidney are the most vulnerable organs to Cd toxicity [11] [12] [13] [14] .
An increase in the levels of serum hepatic marker enzymes, such as aspartate aminotransferase (AST) and alanine transaminase (ALT) following Cd exposure, suggests the damaging effect of Cd on the liver in various studies [15, 16] . Reyes et al. [17] and El-Sharaky et al. [18] reported that Cd nephrotoxicity resulted from producing frees radicals and by inducing cell necrosis and apoptosis. However, various changes in liver nonenzymatic antioxidants, for example GSH and liver enzymatic antioxidants, as superoxide dismutase 2 Advances in Pharmaceutics (SOD) and Catalase (CAT), were associated with Cd exposure [19] . Herbal and natural products represent one of the common forms of complementary and alternative medicines [20] . They are available at supermarkets and pharmacies. As these products are without medical prescription, they must be safe for human health [21] . Many studies have shown the antioxidant properties of many natural products against toxic materials [22] . Irvingia gabonensis Baill. ex Lanen. (Irvingiaceae) is a commercial and indigenous fruit tree of West and Central Africa, which is identified as the most important tree for domestication [23, 24] . It is called bush mango in Nigeria. The plant occurs freely in many parts of Africa. Local names include goron biri (Hausa) and Ogbono (Ibo). The plant is a food supplement. The possible hepatoprotective effects of Irvingia gabonensis stem bark against Cdinduced hepatotoxicity is not reported so far. Therefore, in this study, we aimed to evaluate the hepatoprotective effect of the Irvingia gabonensis stem bark by using the Cd-induced subchronic oxidative toxicity in rats.
Methods

Chemicals.
Cadmium chloride was bought from a local chemist in Ibadan, Nigeria. Thiobarbituric acids (TBA) were bought from Aldrich Chemical Co. (Milwaukee, WI, USA). Glutathione, hydrogen peroxide, 5,5 -dithios-bis-2-nitrobenzoic acid (DNTB), and epinephrine were bought from Sigma Chemical Co., Saint Louis, MO, USA. Trichloroacetic acid (TCA) and thiobarbituric acid (TBA) was bought from British Drug House (BDH) Chemical Ltd., Poole, UK. Other reagents were of analytical grade and the purest quality available.
Collection and Extraction of Irvingia gabonensis Stem
Bark. The stem bark of Irvingia gabonensis was collected in Ado-Ekiti (Ekiti State) and authenticated at the Department of Plant Science, Ekiti State University, Nigeria, and a voucher number (U.H.A.E 45) was deposited accordingly at the herbarium of Department of Plant Science, Ekiti State University. The stem bark of Irvingia gabonensis was airdried and crushed into fine powder. The powdered part was extracted with ethanol using maceration and the extract was concentrated in vacuum at 40 ∘ C with rotary evaporator and water bath to dryness. The yield of the extraction was 5.01%.
Preliminary Phytochemical
Screening. The preliminary phytochemical screening was carried out with ethanolic extracts of Irvingia gabonensis stem bark for the detection of various phytochemicals. Tests for common phytochemicals were carried out by standard methods [25] .
Animals. Male Wistar rats (Rattus norvegicus)
weighing between 80 and 120 g were bought from the animal house of the Department of Chemical Sciences, Biochemistry Unit, Afe Babalola University, Nigeria. Animals were kept in aired cages at room temperature (28) (29) (30) ∘ C) and preserved on normal laboratory chow (Ladokun Feeds, Ibadan, Nigeria) and water ad libitum.
Induction of Experimental
Animal. Cadmium was induced in groups II, III, and IV. Briefly, cadmium was dissolved in distilled water and after that managed by intravenous injection (through tail vein) at a dose of 4 mg/kg body weight.
Study Design
Twenty male rats were divided into four groups of five rats each. Group I served as the negative control and accessed normal rat diet and water ad libitum only; group II served as the positive control and was given 4 mg/kg body weight of cadmium chloride. Groups III and IV were given 200 mg/kg and 400 mg/kg body weight of the stem bark extracts after exposure to cadmium chloride, respectively.
Preparation of Tissues.
Rats fasted overnight and were sacrificed 24 hours after the last dose of drugs. Liver and heart were removed and washed in ice-cold 1.15% KCl solution, dried and weighed. A section of liver and aorta samples were fixed in 10% formalin for histological examination. The remaining parts of liver and heart were homogenized in 4 volumes of 50 mM phosphate buffer, pH 7.4, and centrifuged at 10,000 g for 15 minutes to get postmitochondrial supernatant fraction (PMF). All procedures were carried out at temperature of 0-4 ∘ C.
Preparation of Serum.
Blood was collected from the heart of the animals into plain centrifuge tubes and allowed to stand for 1 hr. Serum was prepared by blood centrifugation at 3,000 rpm for 15 minutes in a Beckman bench centrifuge. The clear supernatant was used for estimating serum lipid profile and enzymes.
Biochemical Tests.
Protein contents of the samples were tested by the method of Lowry et al. [26] using bovine serum albumin as standard. The alanine and aspartate aminotransferases (ALT and AST) were tested by the combined methods of Mohun and Cook [27] and Reitman and Frankel [28] . Lipid peroxidation level was tested by the reaction between 2-thiobarbituric acid (TBA) and malondialdehyde (MDA), a product of lipid peroxides as described by Buege and Aust [29] . The tissue superoxide dismutase (SOD) was measured by the nitro blue tetrazolium (NBT) decrease method of McCord and Fridovich [30] . Catalase (CAT) was tested spectrophotometrically by measuring the rate of decomposition of hydrogen peroxide at 240 nm as described by Aebi [31] . Reduced glutathione level was measured by the method of Beutler et al. [32] , this method is based on the development of a relatively stable (yellow) colour when 5 ,5 -dithiobis-(2-nitrobenzoic acid) (Ellman's reagent) is added to sulhydryl compounds. The chromophoric product resulting from Ellman's reagent with the reduced glutathione (2-nitro-5-thiobenzoic acid) holds a molar absorption at 412 nm which is proportion to the level of reduced glutathione in the test sample. The glutathione peroxidase (GPx) was tested by the method of Rotruck et al. [33] . When this substance is mixed with reduced glutathione, its absorption shifts to a longer Advances in Pharmaceutics 3 wavelength 340 nm and increase at this wavelength provides a direct measurement of the enzymatic reaction.
Histopathology of Tissues.
Tissues were fixed in 10% formalin dehydrated in 95% ethanol and then cleared in xylene before embedded in paraffin. Sections (about 4 m) were prepared and stained with hematoxylin and eosin (H&E) dye and examined under a light microscope by a histopathologist who was ignorant of the treatment groups.
Statistical Analysis.
All values were expressed as the mean ± S.D. of five animals per group. Data were analyzed using one-way ANOVA followed by the Duncan multiple range test for analysis of biochemical data using SPSS (16.0). Values were considered statistically significant at < 0.05.
Results
Phytochemicals Investigation.
It was found that ethanolic extract contained compounds known to have antioxidant activity like tannins, phlobatannins, flavonoids, anthocyanin, cardiac glycosides, and alkaloids (Table 1) .
Effects of Irvingia gabonensis Stem Bark on Body Weight and Relative Weight of Organs of Cadmium-Induced Toxicity
Rats. In Table 2 , there was significant increases ( < 0.05) in the relative weight of liver and heart of cadmium untreated rats when compared with the control, while treatment with Irvingia gabonensis stem bark (100 and 200 mg/kg) significantly decreases the relative weight of heart and liver of cadmium-induced rats to values that are statistically similar ( > 0.05) to the control. All these changes induced by cadmium intoxication significantly ( < 0.05) was restored to near normal levels on administration of Irvingia gabonensis stem bark.
Effects of Irvingia gabonensis Stem Barkon Antioxidant Parameters and Marker Enzymes in Cadmium-Induced Toxicity in Rats.
Administration of cadmium chloride significantly increased ( < 0.05) serum, hepatic, and cardiac lipid peroxidation (LPO) products measured as thiobarbituric acid reactive substances, respectively (Table 3) . However, treatment with Irvingia gabonensis extract completely ameliorated cadmium chloride-induced increase in LPO. In cadmiuminduced rats, the activities of hepatic and cardiac GSH, SOD, and CAT as well as cardiac GPx decreased significantly relative to the control (Table 4) . Excellent performance of extract at (400 mg/kg) reversed the adverse effect of cadmium chloride by normalizing the enzymatic antioxidant. Irvingia gabonensis pretreatment prior to cadmium exposure caused a significant increase in GPx activities as well as a noticeable increase in GSH level. In cadmium-induced rats, serum ALT and AST were significantly increased (Table 5) relative to the control. Treatment with Irvingia gabonensis before cadmium exposure resulted in significant protection of the liver and heart, as indicated by reductions in the elevated levels of ALT and AST; however, there was evidence of amelioration in the treated group. 
Effects of Irvingia gabonensis Stem
Discussion
Cadmium is one of the main environmental and occupational pollutants in industrialized countries. Exposure to cadmium is linked with serious health hazards. Cadmium is a potent inducer of oxidative stress and affects cellular antioxidant defense potential biphasically by reserve and improvement of several antioxidant enzymatic and nonenzymatic molecules. The phytochemical study of Irvingia gabonensis stem bark extracts revealed the presence of polyphenol-rich compounds. Polyphenols have been suggested to decrease the oxidative stress in human. Flavonoids found in the extract may inhibit the oxidative stress by scavenging free radicals by acting as reducing agent, hydrogen atom donating molecules, or singlet oxygen quenchers, chelating metal ions and sparing other antioxidants (e.g., carotene, vitamins C and E) Fuhrman and Aviram [34] . Literature reveals that the carbonyl groups present in the flavonoids and phenolic compounds were responsible for antioxidant activity [35] . This investigation revealed that the Irvingia gabonensis contain pharmacologically active substance(s) such as alkaloids, glycosides, saponins, tannins, flavonoids, and phenolic compounds, which are responsible for the antioxidant activity. In the present study, the potent chelation therapy of Irvingia gabonensis stem bark was examined against cadmiuminduced toxicity in the rats. The mean body weight of cadmium exposed group decreased with the increase in relative liver weight, which agrees with the findings of [36, 37] suggesting that prolonged exposure of cadmium indicates an increased risk of diabetes mellitus, which explains the weight loss in rats. Kaltreider et al. [38] reported that exposure to low heavy metals damages the glucocorticoid. The glucocorticoid hormones play a role in glucose control as well as carbohydrate, lipid, and protein metabolism. Dysfunction in the glucocorticoid is linked to weight gain or loss. In cadmium rats treated with Irvingia gabonensis, the changed body weight and liver weight parameters recovered to near normal levels due to the antioxidant properties found in Irvingia gabonensis stem bark.
Lipid peroxidation is one of the main expressions of oxidative damage and is found to play an important role in the toxicity of cadmium [39] . Cadmium induced oxidative stress by producing hydroxyl radicals, superoxide anions, nitric oxide, and hydrogen peroxide [40, 41] . Significant increase in the hepatic TBARS in cadmium intoxicated rats could be possibly due to excessive formation of free radicals which leads to changes in biological macromolecules [42] . Milton Prabu et al. [43] reported that lipid peroxidation is a sensitive marker of cadmium hepatotoxicity. In the present investigation cadmium intoxicated rats treated with Irvingia gabonensis showed a marked increase in the levels of MDA in the serum and tissues of rats when compared to controls. On the other hand, treatment with Irvingia gabonensis caused a significant decrease in the levels of MDA in these organs. This protective effect is due to the antioxidant potentials of Irvingia gabonensis, which decrease the oxidative damage by blocking free radicals produce and thus inhibiting lipid peroxidation. It has been shown in many studies that Cd induces oxidative damage by producing ROS [6, 44] and decreasing the biological activities of some antioxidant enzymes, such as SOD and CAT [45, 46] which play an important role in antioxidant profile and in scavenging of free radicals. The Cd has also been reported to cause damage to lipids by generating LPO [18, 47] . This study also showed that exposure to Cd has led to an increase of LPO indicated by the elevation of TBARS levels, which is associated with a distinct decrease in the activity of the antioxidants SOD, CAT, and GSH in the liver and heart of the animals exposed to Cd. The SOD, CAT, and GSH are essential parts of cellular antioxidant defense system, and they play an essential role in protection against oxidative stress [48] . It has been proposed that Cd induces oxidative stress and LPO by depleting GSH, or by inhibition of antioxidant enzymes [48] . Moreover, Cd has been shown to exert a direct inhibitory effect on SOD and CAT activities via Cd-enzyme interaction with a resultant perturbation of enzyme topography critical for catalytic activity [48, 49] . Our results showed that there was a marked increase of hepatic LPO, which is indicted by the elevation of the levels of Cd administration. This was consistent with other reports on Cdintoxicated rats [49] . The significant decrease in the activities of SOD and CAT in the livers and heart of the Cd groups compared to control groups may be attributed, in part, to an overwhelming oxidative modification of enzymatic proteins and biomembrane lipids by ROS, as evident by heightened level of LPO [49] . Well-known biomarkers of liver injury (ALT and AST) and histological changes were examined to evaluate the prophylactic effects of Irvingia gabonensis. Consistent with previous studies, our study confirmed that acute cadmium exposure damaged the liver, as shown by elevation of the serum aminotransferase activities and morphological changes observed in the liver sections [18, 47] . Interestingly, these adverse effects were significantly attenuated by Irvingia gabonensis in the treatment groups, which indicated a prominent hepatoprotective effect of Irvingia gabonensis against cadmium toxicity, similar to that reported on naringenin [47] . The increased levels of serum AST and ALT in cadmiuminduced rats indicate an increased permeability and damage and/or necrosis of hepatocytes. In our study, we found that extract of Irvingia gabonensis at a dose of 400 mg/kg caused a significant decrease in the activities of serum AST and ALT which further supports the beneficial effects of the extract of Irvingia gabonensis in cadmium-induced rats.
Conclusion
In conclusion, the results of the present study indicate that Irvingia gabonensis possess antioxidant and hepatoprotective properties, eliminating the deleterious effects of toxic metabolites from cadmium when administered orally. Further studies are required to identify the active component(s) and mechanism(s) underlying the beneficial effects of this plant.
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